We present a model to describe the responsivity of distributed read-out imaging devices following photon absorption in the absorber or in the base or top film of the superconducting tunnel junctions at either end of the absorber. The model describes the processes most relevant for photon detection, taking into account diffusion of quasiparticles across the absorber and imperfect confinement in the superconducting tunnel junctions via exchange of quasiparticles between absorber and the junction. It incorporates diffusion mismatch between superconducting tunnel junction and absorber, possible asymmetry between the two junctions and asymmetry between base and top electrodes within each junction. We have conducted dedicated experiments in which different experimental conditions were varied in order to test the model. A good agreement was found between the experimental results and model predictions.
I. INTRODUCTION
Cryogenic detectors, detectors which operate at subKelvin temperatures, are being developed as photon counting spectrophotometers due to their excellent spectroscopic capabilities in UV, optical, and x-ray energies.
1 An important issue with these cryogenic detectors is to create a sufficiently large sensitive area while maintaining imaging capabilities and keeping the number of read-out channels within practical limits. Methods which are currently under investigation are multiplexed read-out of sensors and distributed read-out schemes which provide positional information within a sensor. Microcalorimeters with transition edge sensors ͑TES͒, 2 which measure the change in temperature due to the absorption of a photon through a change in resistance in the sensor, are usually read-out with superconducting quantum interference devices, 2 which provide a relatively easy multiplexing scheme. Depending on the application, a few tens to a few hundred detectors may be read-out through a single read-out channel. Kinetic inductance detectors ͑KIDs͒, 3 which rely on the change in inductance caused by the excitation of quasiparticles ͑qps͒ by the absorbed photon, can be grouped together on a single signal line by using a different resonance frequency for the read-out resonance circuit for each sensor. Superconducting tunnel junctions 4 ͑STJs͒ measure a photoninduced change in quasiparticle density as a tunnel current across a thin insulating barrier. Being high impedance devices, they are usually read-out with J-FET based charge sensitive preamplifiers, multiplexed read-out is not straightforward and distributed read-out is the more preferred approach. Distributed read-out imaging devices ͑DROIDs͒ ͑Ref. 5͒ consist of superconducting absorber strip with an STJ at either end. A photon is absorbed in the absorber strip and the excited quasiparticles will diffuse towards the STJs where they tunnel across the barrier and produce a measurable current pulse. The sum of the signals will provide information on the energy of the absorbed photon and the ratio of the signals will provide information on the position of the absorption site. A similar geometry is used with TESs as sensors, named DROIDs ͑Ref. 6͒ or position sensitive TES ͑Ref. 7͒, or with microwave kinetic inductance detectors ͑MKIDs͒ ͑Ref. 8͒ as sensors. The first relies on heat conduction to produce the change in temperature in the TESs and the latter relies on the diffusion of quasiparticles to produce a change in inductance in the MKIDs.
In the distributed read-out devices diffusion plays a major role in the detection process. The carriers diffuse from the absorption site towards the sensors where they produce a measurable signal. If the trapping ͑confinement of the signal carriers in the sensors, applicable to quasiparticles͒ is perfect they will remain in the sensor adding to the signal. If trapping is imperfect they will be able to escape from the sensor and diffuse towards the opposite sensor producing a crosstalk signal. This will reduce the ratio of the two charges, the time the charge carriers contribute to the signal and expose the signal carriers more to the losses inside of the absorber. All these effects will influence the position and energy resolution of the detector negatively.
Several groups have proposed theoretical models describing the DROID response. Kraus et al. 5 derived a widely used relation between the spectral and spatial resolution for DROIDs with perfect quasiparticle trapping in the STJs. Jochum et al. 9 have generalized this model in order to include imperfect quasiparticle trapping in the STJs by using a characteristic trapping time. Both models focused on the diffusion process of the signal carriers but excluded description of processes involved with the signal detection in the sensors. 12 produced a twodimensional diffusion model of a DROID without trapping but accounting for quasiparticle dynamics in the STJ using Rothwarf-Taylor equations. 13 A similar model was developed by Ejrnaes et al.
14 using a different approach. In this paper we describe a model for the responsivity of a DROID with STJs as sensors and imperfect trapping which describes all relevant dynamical processes for all photon absorption sites within the DROID. It has been tested against a responsivity data set from DROIDs with different geometries ͑Al thickness and absorber length͒ measured under varying operating conditions ͑bias voltage and temperature͒ using pulse sampling of the current pulses resulting from individual optical photons. The DROIDs used in this work consist of a pure tantalum absorber with a proximised Ta/Al STJ on either end.
II. MODELING OF DROID RESPONSE
We consider a DROID of length L ͑including the STJs͒ and width w consisting of a pure tantalum absorber with a Ta/Al STJ at either end, as shown in Fig. 1 . The bottom tantalum layer of the STJs and the absorber are produced as a single layer on top of which the aluminum layer, barrier and top electrode of the STJs are grown. The presence of the aluminum in the STJs will decrease the energy gap of the STJs due to the proximity effect and provide confinement of quasiparticles. The STJs are square in geometry with the sides equal to the width of the absorber, and the thickness of a single Ta/Al bilayer is given by d. The coordinate along the length of the DROID is denoted by x and the position over the width of the DROID is denoted by y. The positions of the edges of the STJs in the x direction are at
Differences in response between absorptions in the two STJs and/or between absorptions the top and base electrode of a single STJ may occur due to limitations in the fabrication process or initial experimental conditions. The parameters for either STJ are denoted by a superscript ͑i͒, left: i = l and right: i = r. Similarly, subscript ͑j͒ is used to denote the top, j = t, and base, j = b, electrode. We also distinguish between the tunnel rate from the base electrode ͑⌫ t,bt ͑i͒ ͒ and from the top electrode ͑⌫ t,tb ͑i͒ ͒.
Within the complete system of the DROID we define different groups of quasiparticles divided by location and energy level. Figure 2 shows a schematic representation of the different groups of quasiparticles and, on the left hand side, the exchange routes between them. The first group are the quasiparticles inside the absorber ͑Gr 1͒. These quasiparticles do not directly produce a signal, are subjected to the losses in the pure Ta absorber, are free to diffuse towards the STJs and are in the energy range Ͼ⌬ Ta . Second, quasiparticles inside the base electrode which have energies above the energy gap of the pure tantalum absorber form the second group ͑Gr 2 ͑i͒ ͒. This group of quasiparticles will directly contribute to the signal by tunnelling across to the opposite electrode, they are subjected to the loss mechanisms inside the STJ base electrode, and since they are above the energy gap of the absorber they are free to diffuse out of the STJ into the absorber. The third group is formed by the quasiparticles which are in the base electrode of the STJ with energy below the energy gap of the absorber ͑Gr 3 ͑i͒ ͒. Being confined within the STJ this group of quasiparticles differs from the previous group. Trapping efficiency of quasiparticles in the STJ affects the distribution of the quasiparticles between the second and third group. Quasiparticles from group 2 will feed group 3 via relaxation with emission of a phonon. This process, denoted by the relaxation rate ␥ s ͑i͒ , depends on the STJ proximisation and can be calculated. 15 Due to sequential tunnelling quasiparticles gain energy, equal to twice the applied bias voltage ͑2 eV b ͒ with each tunnelling cycle, and after a sufficient number of cycles without relaxation the quasiparticles are promoted from group 3 into group 2. The number of tunnels needed to reach an energy above the energy gap of the absorber and thus to change the trapping efficiency can be adjusted for a given STJ lay-out with the bias voltage. In a biased STJ a quasistationary spectral distribution of quasiparticles is formed after one or two tunnelling events. 16 Therefore instead of modeling the complete dynamics in the STJ we ignore a short initial period and assume a quasistationary spectral distribution established in- stantly. Correspondingly for this distribution we divide the quasiparticles in the top film of the STJ into an energy group ͑Gr 4 ͑i͒ ͒ which after tunnelling enters group 3 and an energy group ͑Gr 5 ͑i͒ ͒ which after tunnelling enters group 2 and are free to diffuse into the absorber. The separation between these two groups is drawn at the energy ⌬ Ta −eV b . We define ͑i͒ to be the fraction of quasiparticles in the top electrode of the STJ with an energy above ⌬ Ta −eV b . The quasiparticles in both these groups are subjected to losses in the top electrode.
Due to the suppressed gap in the proximised STJs of a DROID the responsivity of a photon absorption in the STJs is higher than that of a photon absorption in the absorber. This increase in responsivity is accounted for by the parameter . The efficiency of quasiparticle creation in proximized superconductors is lower compared to pure BCSsuperconductors with the same energy gap. 17 At the boundary between the absorber and STJ the spectrum of electronic excitations in a superconductor undergoes a transition from BCS-like ͑on the absorber side͒ to that of a proximised bilayer. As a result the transport parameters of quasiparticles will change on the scale of the coherence length. Particularly, a quasiparticle at an energy above ⌬ Ta when it crosses the boundary will have a different diffusion coefficient, even though its elastic scattering rates may remain unchanged. This occurs because with the change in electronic spectrum the group velocity of the quasiparticles changes, leading to a change in diffusion coefficient. With the quasiparticle flux across the boundary being continuous this diffusion mismatch will affect the effective trapping of the quasiparticles inside the STJs. When the diffusion constant in the STJ is larger than in the absorber the quasiparticle density at the STJ side of the boundary will be depleted. In order to keep the quasiparticle flux continuous there will be a corresponding build up of their density on the absorber side leading to an increased injection into the STJ. Effectively, this will enhance trapping of quasiparticles in the STJs. For a lower diffusion constant in the STJ there will be a build up of quasiparticles at the STJ side of the boundary reducing the flux of quasiparticles into the STJ and thus reducing the effective trapping.
The presented DROID model also includes the situation when absorption takes place inside the STJ either in the top or base electrode. If the photon is absorbed in the base electrode the quasiparticles above the energy gap of the absorber can escape from the STJ before tunnelling. Thus only the fraction of quasiparticles created in the range ⌬ g ϽϽ⌬ Ta are trapped within the STJ. The latter fraction is accounted for by the parameter ␤ ͑i͒ . If the absorption takes place in the top electrode of the STJ all quasiparticles must tunnel first before quasiparticles with sufficient energy can escape into the absorber increasing the responsivity. This additional contribution to the responsivity is accounted for by appropriate source terms in the Rothwarf-Taylor equations 13 describing photon absorption in the top or base electrode of the STJs. In the equation below the parameter ␣ determines if there is an absorption in the top ͑␣ =0͒ or base ͑␣ =1͒ electrode. The Rothwarf-Taylor equation for the quasiparticle density in the base Ta film ͑group 1 and group 2͒ is given by
͑1͒
For group 3 of the base film in the STJ we have
Finally for the top film ͑group 4 and group 5͒
Here ⌰͑x͒ is the Heaviside step function, ␥ and ␥ ͑j͒ ͑i͒ are the bulk loss rates in the absorber and in the base and top film of each STJ, ␥ s is the inelastic relaxation rate of quasiparticles at = ⌬ Ta , x 0 is the absorption position coordinate and N 0 and N 0g ͑i͒ are the number of created quasiparticles for an absorption in the absorber and STJ ͑i͒. Ideal edges at ϮL / 2 are assumed meaning that the flux at the edges is zero resulting in the boundary condition:
The diffusion mismatch at the boundaries between the absorber and STJs results in the following boundary conditions:
In order to solve Eqs. ͑1͒-͑3͒ it is convenient to find an appropriate set of orthogonal functions satisfying the boundary conditions which we introduced above. These functions u satisfy the equation
For the set of orthogonal functions u we obtain the following expression:
Here m is the m th solution of the dispersion relationship:
͑5͒
To solve the equations for the DROID model Eqs. ͑1͒-͑3͒ we look for the solutions in the form of an expansion over the functions u m ͑x͒ for x-direction and u n ͑y͒ for y-direction:
Here D͑x͒ is the profile of diffusion constants across the DROID
D is the mean diffusion constant given by
and
For the STJs we may write:
where 
͑11͒
Inserting these expressions into Eq. ͑1͒ we obtain for the coefficients f m0 of Eq. ͑10͒ the following set of linear algebraic equations, in matrix notation:
where F mn is the matrix representation of f mn . A mn and b͑m , mЈ͒ are given by:
and g͑m͒ is given by:
͑15͒
Here:
and V͑m͒ is the normalization factor for the m th harmonic u m ͑x͒
In order to calculate the charge output of the two STJs we need to integrate the currents and find the total recorded charge. By definition the total recorded charge Q ͑i͒ ͑t͒ at an instant t by STJ ͑i͒ is given by 
͑21͒
The values for f m,0 are obtained by solving the set of linear algebraic equations of Eq. ͑12͒.
III. EXPERIMENTAL SET-UP AND DATA REDUCTION
DROIDs, produced by Cambridge MicroFab Ltd, 17, 18 with different Ta/Al STJs have been used to test the described model. The STJs consist of a Ta/ Al/ AlO x / Al/ Ta multilayer with thicknesses of: 100/30/1/30/100, 100/60/1/ 60/100, and 100/100/1/100/100 nm and energy gaps ͑⌬ STJ ͒, as measured from the current-voltage curves, of: 500, 420 and 360 eV, respectively. The ͑residual resistance ratio͒ ͑RRR͒ values for the base Ta layer as measured using a dedicated structure on the chip are 37.2, 43.6, and 30.2 for the DROID with 30, 60, and 100 nm thick Al trapping layer, respectively. For all three lay-ups a DROID of 400 m in length, including STJs, and a width of 30 m is used as a reference device. The STJs are square in geometry with the sides equal to the width of the absorber. The 100 nm thick pure tantalum absorber and the tantalum layer of the base electrode of the STJs are part of the same epitaxial Ta layer ͑see Fig. 1͒ . The resolving powers at 2.5 eV of the devices are: 10, 8, and 5 for the aluminum thicknesses of 30, 60, and 100 nm, respectively. It must be mentioned that the used experimental set-up was fully optimised to measure the true responsivity of the DROIDs, as indicated below, and not optimized to measure the energy resolution introducing extra electronic noise. As a result the given values for the resolving powers should be seen as lower limits and the true resolving power will lie slightly higher. A 3 He sorption cooler with a base temperature of 280 mK, low enough to reduce the thermal current to a negligible level for all three device structures, has been used to conduct the measurements. The cryostat is equipped with an optical fiber to illuminate the chip through the sapphire substrate with optical photons ͑E 0 =1-5 eV͒ from a Xe lamp filtered by a double grating monochromator. In this set-up it is only possible to illuminate the devices through the sapphire substrate and only the case where ␣ =0 ͑base electrode illumination͒ could be investigated.
The signal pulses from the STJs are fed into a charge sensitive preamplifier with a RC time of 470 s at ambient temperature and subsequently digitized with a computer oscilloscope card ͑GaGe CS14100͒. With simulated shaping filters a measure of the responsivity can be obtained from the preamplifier signal to make a first selection of the events. Figure 3 shows a scatter plot of individual photon signals after the simulated shaping stages in an S 1 +S 2 ͑a measure for the energy͒ versus ͑S 1 −S 2 ͒ / ͑S 1 +S 2 ͒ ͑a measure for the position͒ representation. The STJ events can easily be distinguished by their spatial and spectral separation. Using the results from the simulated shaping stage the noise events are removed and the remaining events are divided into 13 sections based on the position ͑11 sections on the absorber and the two STJs͒. The preamplifier pulses of the events in a single section are averaged to obtain a low noise charge pulse. Averaging of the charge pulses is possible because the position resolving power ͑L / ⌬x͒ of the absorber is below 11. From the average charge pulses the preamp response is deconvoluted to reduce the integration time and electronic noise. The resulting photocurrent pulses, one per section, are integrated to obtain the true charge output.
These average values of the charge output are used to test the model. In order to obtain an objective fit of the model to the data set a least squared fitting routine is used.
The model presented in this paper is described in the most generalized version with separate parameters for the each of the groups described in Sec. II and the possibility to distinguish between top and base illumination. With the current data set it is not possible to distinguish between the top and base electrodes and the corresponding parameters for the two electrodes have therefore been replaced by a single com- Table I could be calculated or estimated and are kept fixed within the model. These are; ␥ s ͑i͒ the relaxation rate at = ⌬ Ta , ␤ ͑i͒ the fraction of quasiparticles created in the range ⌬ g ϽϽ⌬ Ta . The ratio between the responsivity of the STJ and absorber, ͑i͒ , are calculated using the models described in Refs. 15 and 17.
The operating and device parameters have been varied for devices of several geometries in order to thoroughly test the parameters of the model for their correct description of the processes.
IV. COMPARISON BETWEEN THE THEORY AND THE EXPERIMENTAL RESULTS
All three reference devices were illuminated by photon with energies within the range 1-5 eV. The measurements have been conducted at an operating temperature of 295 mK and at a bias voltage of 100 V in most of the tests on the DROID with 30 nm aluminum trapping layers and 150 V for the DROIDs with 60 and 100 nm aluminum trapping layers. This difference in bias voltage only affects the value of ͑i͒ and a measurement with the DROID with 30 nm aluminum trapping layers using a bias voltage of 150 V has been added to the results for comparison.
The model predicts the charge output of each STJ as a function of absorption position in the absorber or in the STJ. However, from the measurements only the two charges are known. In order to fit the results from the model to the measured data both are converted into a Q r versus ͑Q l − Q r ͒ / ͑Q l + Q r ͒ graph, and fitted using a least-squares fit. Figure 4 shows an example of fits of the model to measurements for the three reference devices at photon energy of 5 eV. To confirm the correctness of the fit the measured data is plotted as Q l versus ͑Q l − Q r ͒ / ͑Q l + Q r ͒ with the result of the model, in the same representation, over plotted.
In all the cases the model satisfactorily describes the data points of the absorber events as well as the STJ events. The data from the DROID with 100 nm aluminum ͓Fig. 4͑d͔͒ trapping layer shows a significant asymmetry between the STJs, caused by an accidental difference in bias voltage, which is correctly described by the model as a variation in the value for r . This case also shows some discrepancy between the fit and the measurement due to the increased uncertainty on the measurement.
The results of the fit of the model to the data for different photon energies are constant within the accuracy of the measurement and the measured charge output is proportional to the input photon energies. Thicker aluminum on top of the tantalum layer in the STJ reduces the energy gap in the STJ with respect to the bulk tantalum gap in the absorber. Therefore, more quasiparticles will reside below ⌬ Ta and the trapping efficiency is increased such that fewer quasiparticles generated in one STJ can escape to the other STJ. In Fig. 4 the effect of improved trapping with larger aluminum thickness can be seen as a larger separation of the two STJs along the ͑Q l − Q r ͒ / ͑Q l + Q r ͒ axis. Within the model this effect is described by the value for the fraction of quasiparticles above ⌬ Ta −eV b , ͑i͒ , which decreases with increasing aluminum thickness, at a constant bias voltage. For the 30 nm aluminum trapping layer device the value for ͑i͒ at a bias voltage of 150 V has been added for comparison with the results from the other DROIDs.
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Further confirmation of the correct description of the parameter ͑i͒ is obtained from a scan in bias voltage for all three DROID geometries. These measurements have been conducted at an operating temperature of 295 mK. The DROID with 30 nm aluminum trapping layers was illuminated with 5 eV photons while the 60 and 100 nm were illuminated with 4.1 eV photons. All parameters of the model are the same as in Table II within the uncertainties of the measurement, except for ͑i͒ which increases with bias voltage ͑Fig. 5͒ as expected. The value for ͑i͒ for the DROID with 30 nm aluminum layer increases from 0.4 at 90 V and reaches unity at 200 V, corresponding to a complete absence of confinement. This voltage is equal to the difference of the energy gaps of the STJ and absorber and all quasiparticles indeed remain above ⌬ Ta −eV b .
For a photon absorption in one of the STJs of a DROID with perfect trapping ͑ ͑i͒ =0͒ the charge output of the opposite STJ is equal to zero and in the representation of Fig. 4 these events will occur on a single vertical line with ͑Q l − Q r ͒ / ͑Q l + Q r ͒ equal to 1 or Ϫ1. Any noise in the opposite STJ may give false triggers, of which only those with positive Q are registered. This can give rise to a small artificial shift in the STJ signal in the scatter plots away from the vertical line at Ϯ1. For this reason it is expected that the trapping in the DROID with 100 nm aluminum trapping layers is slightly underestimated ͑and hence the value of ͑i͒ is overestimated͒, in particular, at lower bias values.
The lack of variation in diffusion constant, as shown by the results in Table II , between the three DROIDs indicates no connection between the RRR value, which is varying from device to device, and the nonequilibrium quasiparticle diffusion properties of the material. When quasiparticles thermalise while being in the absorber the following expression for the diffusion constant in the absorber would apply:
with T qp the temperature of the quasiparticles in the absorber ͑taken equal to the operating temperature͒, F the Fermi velocity ͑0.67ϫ 10 6 m / s as taken from literature 19 ͒ and 300 the mean free path at room temperature ͑7 nm calculated using the Drude model 20 from the measured resistance͒. The DROID with 30 nm aluminum trapping layers was illuminated using 5 eV photons at bias voltage of 100 V at different operating temperatures, limited by the base temperature of the cryostat at the low end and thermal noise contribution at the high end. Figure 6 shows the different diffusion constants of the Ta absorber resulting from the fit of the model to the data; all other parameters of the model remain the same within the uncertainties of the measurement as the values from Table II . The solid line shows the theoretical prediction of Eq. ͑22͒ which is well above of the experimental values. However, the measured values are in agreement with previously obtained values on Ta/Al DROIDs from a different manufacturer 21 and with values obtained by other groups. [22] [23] [24] As seen in Table II there is no noticeable diffusion mismatch between the absorber and the STJs in any of the three DROID geometries. As described the tantalum absorber is only in contact to the tantalum layer of the base electrode and in order to estimate the diffusion mismatch between the absorber and the STJ only the quasiparticle energy distribution in the tantalum layer of the STJ above an energy equal to ⌬ Ta has to be compared to the energy distribution in the BCS-like tantalum absorber. Figure 7 shows the density of states ͑DOS͒ for the BCS-like absorber and for a proximised Ta/Al bilayer with thicknesses 100/30 nm. Both show a maximum at ⌬ Ta and rapid decay of the DOS towards high energy levels. In both situations the majority of the quasiparticles will remain near ⌬ Ta with rapid depletion at higher energies producing little difference in the quasiparticle dis- 
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tribution. We expect that the diffusion mismatch for this device will be below the accuracy of the data set.
Previous results 15 on STJs have indicated that quasiparticle losses inside the STJ are due to bulk material losses and a concentration of loss centers near the leads, especially the plugs which are made of higher gap material to avoid outdiffusion of quasiparticles. Recent developments have indicated that quasiparticle losses in superconducting materials may be due to a very small amount of magnetic impurities in the high grade superconducting material. [25] [26] [27] The number of these impurities as well as the quality of the plugs, and thus the value of the loss rate are difficult to control in the production process, as indicated by the scatter in loss rate between the three devices. The DROID with 100 nm Al trapping layer shows an increased loss rate in the absorber. This device has been produced in another but similar deposition system with a different sputter target. Compared with the STJ the loss rates in the absorber are much higher for all three devices indicating that the loss centers are mainly concentrated in the tantalum. The quasiparticles in the tantalum absorber are fully exposed to these loss centers while in the STJ the quasiparticles partly remain in the aluminum away from these loss centers. This is in agreement with our experience with pure aluminum devices which show extremely low loss rates. Figure 8 shows the result of DROIDs of different lengths, ranging from 200 to 700 m, with 30 nm aluminum layers in the STJs. The DROIDs were grown on a single chip and they have been measured within a single measurement run assuring similar fabrication and measurement conditions. The results can be described by the model using the parameters from Table II and changing the length of the DROID. The loss rate of the absorber remains constant for the different DROIDs indicating a homogeneous tantalum layer quality over the chip. However, the loss rate within the STJ varies from DROID to DROID indicating that the quality of the niobium plugs varies over the chip. This scatter in plug quality can also explain the absence of a correlation between the thickness of the aluminum layer and the difference of loss rate in the STJ and absorber.
Using the loss rate of the absorbers and the determined diffusion constant we can determine the value of the loss length ⌳ = ͱ D loss . The obtained values are: 370, 403, and 266 m for the DROIDs with Al thickness of 30, 60, and 100 nm. This is slightly larger then earlier reported values by our group, 21 285 m, which was with a different manufacturer. It is also larger then values reported by another group, 10 160 m, which can indicate a higher quality of epitaxial Ta film.
V. DISCUSSION
We have presented a theoretical model that describes the most important processes involved with photon detection using DROIDs. When the proper assumptions are made all previously obtained models follow as limiting cases, which has been tested. For example when no proximization of the base electrode is assumed the results from den Hartog 12 and from Ejrnaes 14 follow. Similarly, the results from Kraus 5 follow in the limit of immediate and full thermalization of the quasiparticles once they enter the STJ area. And the results from Jochum 9 also follow from this model when the diffusion mismatch is ignored and the quasiparticles confined in the STJs are not able to gain energy to leave the STJ and go into the absorber.
We have tested the model against a set of experimental data of integrated signal charge from DROIDs using a leastsquares fitting method and found good agreement with the experimental results. Using this model and a single set of parameters for each DROID we were able to describe the data set with all the DROID parameters within the expected range. The model correctly describes the DROID responsivity for absorption in both the absorber and the STJs with use of the separately calculated parameters ͑i͒ and ␤ ͑i͒ . The tunnel rates obtained for the different STJ geometries are in agreement with values obtained for single devices on the same wafer. Even asymmetry between the two STJs can easily be handled by the model as shown by the fit in Fig. 4͑d͒ .
The variation in the parameter ͑i͒ shows increased trapping efficiency with increasing aluminum thickness, as expected due to the decrease in energy gap of the STJ ͑Table II͒, and also with decreasing bias voltage ͑Fig. 5͒, as expected from its definition, as the fraction of number of quasiparticles above ⌬ Ta −eV b . The scan in bias voltage for the DROID with 30 nm aluminum trapping layer further provides proof of the correctness of these parameters. In this scan the parameter ͑i͒ reaches unity at the bias voltage at which ⌬ Ta −eV b is equal to the energy gap of the STJ.
The diffusion constants for the three DROIDs are found to be the same and show no dependence on operating temperature or RRR value. Although no correct theoretical description is available for the value of the diffusion constant the obtained value does agree with several other independent measurements of the diffusion constant in tantalum absorbers of DROIDs.
Unfortunately the quasiparticle distribution ͑Fig. 7͒ shows little change at the interface between the absorber and STJ no significant diffusion mismatch is present in this DROID geometry, which makes it impossible to test the role of this process.
Using a single parameter set, with exception of the loss rate in the STJ, the model was able to describe the results of several DROIDs of different lengths, located on a single chip and measured within a single run, showing the rigidity of the model. Within the fabrication process losses in the devices are still an important unknown factor, which makes the result uncertain from device to device. However, the behavior of the loss rate within the different materials ͑low losses in the aluminum, higher losses in the tantalum and scatter in plug quality over the chip͒ agrees with our previous experiences.
VI. CONCLUSION
We have developed a model to describe the integrated signal charge resulting from the detection of photons using DROIDs. The model incorporates all the important processes in the absorber and STJ involved with the photon detection. Tests of the model against responsivity data obtained from illumination with optical photons have shown the possibility of describing this data set using a uniform parameter set.
Tests of the individual model parameters have shown they respond as expected to changes in the experimental conditions. The model can be used to characterize and predict the behavior of DROID used as photon detectors. 
